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(54) PHASE CHANGE TYPE NONVOLATILE MEMORY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a phase change 
type nonvolatile memory operated surely and easily as a 
storage device by solving a basic problem of a phase 
change type nonvolatile memory (Ovonic memory) using 
phase change materials as a storage cell. 
SOLUTION: This device is provided with a storage cell 
(16) having phase change materials in which phase 
variation can be performed between an amorphous state 
and a crystal state, either of a first storage state and a 
second storage state can be stored selectively by 
phase- changeable one part (161) of the phase change 
materials of the storage cell between an amorphous 
state and a crystal state, in a residual part (162) of the 
phase change materials existing in the storage cell, 
write-in in an over- write mode can be performed by 
keeping a crystal state even in the first storage state 
and the second storage state and adjusting a resistance 
value of a storage cell appropriately. 
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^Sfg-ttfBtSSffi (Ovonic-memory) <Offim&3fflmA$: 

'si&tenmkttw&m-rz&m-t* a 6) stab*., su 

KISIg-fer/KOffitfata^fb^W— gfl^ (16 1) £# a a B 

mans t e^Rim t <Dmx-temt $ it -5 r 1 1= J; o $ l 

cOgfl^ (16 2) 12, ffJlEmirotEtt^^fc^rtfiu 

em 2 coiBit^ffiicfc^T hm^m^m-r^ 1 1 k 
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[WfFMtAottH] 
E» 1 ^Jtttttt aA«fi]B 2 Oit»tt«:*1-a» 2 © 

WEE«*^^«rEffiXffc*t»o!>"-«B»**(rEIB 1 cote 

ttffi t futes 2 <z>fi t o WTta^k $ it 5 r t k x 

9, WEJBlO««»c#jS<5frfc*ioE»*ll*fc 
ttttElll2 0*4ftlBlc#Jt<5ltfcJI5 2 0E1t««i: It 

*ftEE«'fe/i'3fts^ri-a«rEffiSfk;«-»^a o ^a^tt, 

ftuiSa? 1 ^WS1Stt^(-^^TtSufem2<^feit^{c^ 

l Ett<DAKftS7IP«ttEflURB. 
[W**3l ttEEttMr/Wt* !BE«*ffc$Msto» 4 5 

9 J: 9 tlWEtt*fkW»36»fe*SJl<offijM<z>K5* s *:# 

2 E«ott»bai3p**ttE 

C t Sr^fS t i"6ff 1 — 3 (D^-f fta* 1 ofcfSfc<£> 
AK^a^liAttEflUftC 

5 ] WEEttt-feyKomEffiSEftJH'W^llttE— « 
»t»t 5WB« 9 0»»©#a©»J^(i, 0. l«i 
■CI. 5KTT*>SrtS:W«i:"rSBI*3Sl-4^v^ 
fjxa* 1 oK:E*©*B»ba^FjWSttEittlS«. 

[fit*® 6 ] WEE«-fe^(^mE*BaEft»»<D«iE--« 
tt&mzm 1 wffittl»iffirE*2«)ffl«:tt4:*saffiLfc 

fcfiuESS 2 (OEtttttlBi: t»ft«JR 3 OEtt^ffi <t IT 
E« pTIB iL^cCi: *«p« i: ih5fi l-5m tt 
a> 1 o^E«OfflaCfta^»5SttE*«« 0 

[000 1] 

E«S«JCB8 U «f«cE«"fe/W-JRS Ufcffl^ibW^ 
att^Stft^ «t o Tit «SrE« LB£-t-Stl3E{b3PF# 

[0 0 0 2] 

(cis^-f, 7jcii, xa, iim^^a^-rv 

r*i5, E«K««SL-e*4, afttt*ttdt3ituftv\ a 



[0 0 0 3] m ya^tDtteyVgm&MlckZ 
t. ±{iL<D**VfrL>m&\Z > MPU (MicroProcessin 

g unit) bm&mm-tzmm&tz&vv hmmmm\z 

SV^SRAM (Static Random Access Memory) % SR 

SttfeO tfjy Hft^SRAMiOttgfV^DRAM 
(Dynamic Random Access Memory) % DRAMiOStfi 

(Hard Disk Drive) , H D D ± 0 f4fiii*r*S f y 

[0004] :w 5*^^y fe k S^ts^i-5r ttci 

Sri*, 3a*W4E»»«, MtlfDRAM^SSirHD 

[0005] ^tz—^x\ ±m#)te*=ey tb^o&m-v 

fc<, 1B8UOE*««lc«|^Sra'Cfc»'&-tft, rffin 

5 fl iill 0ixi/^hp-^^2OOl-2-12 
DRAM©Pfi»i:WIjflftj95E«*I^ 

[0 0 0 6] DRAMOfiBjm, ***{kfiP*>E«"fe^ 

tf^h^v^tsit^^^^^tiitr^^co^a (3 0 

f F) «r»5r fcasB«lCfcoT#Tl^a o DRAMC 
■ #»fc9#5E*»iro«ili, FeRAM (Ferroe 
lectric RAM : Stl^m^^ V^AT^-fe^^^-i;), MR 
AM (Magnetoresistive RAM : KMSSi7>yA7^t 
^^^y) , PRAM (Phase-change RAM : tSlEika 7 

[0 0 0 7] F e RAMIt 3fiR«».coaie^ffiS:fiJ^ 

Oo *a«w*ttE«^/^Eaicjtffy-rs^-eDRAM 

n«L Ett^/^^1Kll^lcl¥v^ttBI**EttAo«|iBri 

[0008] mramu mntemmttm-tzhn 

X\ Jt«!tt*:#4»tt*{bS:*i"TMR (Tunneling Ma 
gnetoResistance effect) CPPGMR (Curr 

entPerpendicular to Plane GiantMagnetoResistance e 
ffect) iW±|:ftWSilt^5 0 MRAMc^lSli 
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[0 0 0 9] PRAMtt, *«M^B8iD5*?--(?*)0, 

^--cfcs, -to«aw4»3Rr±, i 9 6 e^co^mm* 

$&3, 2 7 1, 5 9 1 »0>H*, RXfil 9 7 0^O#H 
WfFJB3, 5 3 0, 4 4 1 ^©BB^KiiH0, S3S#00 
v s h i n s k y ftCD£ flu ^r^t 9 • ^ ^ y 

(Ovonic-memory) J £ t>l¥telx<5 C t &h& 0 

[ooio] *<Dmmm&ffimz%tw-tz > b, &t<d 

[0 0 1 1 ] t@^{b^^iR^L7tieitir^^^ 0 s B aft: 

[0 0 12] #*»tU^</^*j(|T?«* 

ttlB^itffitti: tt*«»^lt«a^ 2-3 tfrfM^ fcia o 

5, 2 9 6, 7 1 6^«fcB***LTlr*6J: 5 ic^fg 

[0 0 13] PRAM<0-fe/KO«igtt:a*ttlc*Si:ffi 

<tt h?>'>?x?&W.?mmLT-? hy^77K?:« 
J&i-Z>o DRAM^F e R AM(D <fc 5 i-iryKO^^B^i- 
<fc o TE*«#«a*«#tttcE;Mbi-S fc v no fcF^Ute 
MRAMOiilcmifbaotEiLI: 
K<ft3, tV^ofcPp^JBt^u\ PRAM0>*B^{fcE1K 

[0 0 14] C^)J;5(^ PRAMUDRAMOSM 

X 5lwPRAMO»gtaEfkttl 0 0-1 0 0 OffiFfcfc* 
1"5^T\ #|x.fif % _bS> LfcMR AMT^#Jbtb5 5 0% 

{bfSteir/UT'2 0 0-2 0 0 0 «SrlEfi1-« C £ 

tfprtB* b^0Z.b\Zt£Z> o ^oT, -ffiSb^-ClGb 
O-v h y >7 ^ -ctt, HKlfttC 200Gb~2Tb <Dffi $8 
cOfEtt^SpJIgir/.CSo ::<&J:3C PRAMIt ££L 
< D R AMco^iit^ £ HDD 0>;M5*tt £ SrflHMf o^l 

[0 0 15] PRAMMLTIl SuELfcXiK^ 
"*H»IT* 5 , 3 4 1, 3 2 8t, 5 , 



3 5 9, 2 0 5^ W^5, 4 0 6, 5 0 9^ 
#ffl»!WS5 f 4 14, 2 7 1f, *QBttNF$5, 5 3 
4, 7 11^ *m#rp^5, 5 3 4, 7 1 2^, *I 
ftVfms, 5 9 6; 5 2 2#, *H^rF^5, 6 8 7, 
112^ *IMI6, 0 8 7, ..6 7 4^&$8&inc 

[0 0 16] 

SrtrofclSA, Jma«*MJB*rJimLfc. tit, :o 

[0 0 17] -ttj:t>%, *38Wfi, a>a>5RHtf>BJ8lc 

*rE«"fe^4: I Tffi ^ ^ fiSftl^Fff ^ttEH^l (Ov 
onic-memoiy) ©JDK3ttPJ«j&«:A¥ft U EttftlEJ: L 

i nfaytmizttfc^tftzm 1 ^E»*«*fcttmna!S2 

«)tt«l||fc»je:<5WfcJB 2 ^EtStttJBi: LXtm^imk 

tt, »EISloE««ffl»cl3V^-ctmE»2 0!>E1t** 
K*5^Tfc!lrE3§ 1 ^ffi«tt^fc*r iSr»«4:i-a a 
[0 0 18] ±E»riElcJ;ntf, ft&te#fKD*p\z s US 

[0 0 19] d ^ X\ ItetRloffiKKtt, feftttttt? 
*>9, B9E*2(Offlttl!Btt % *fiKtt«8-cfc-6t>(Oi:t- 

r 7 1<>X^ B a B ffl^j SrKJtS r <k^x*#5o 

[0 0 2 0] 4fc, tuEEtiir/Uii, lWE«aC{fc;W»** 
b45«fc*trJ: 3»cRitfeixfc.— JJ«)««iS:*L, mi 
E— *t ^>*« <£> 5 ^^>4 < t i ^-f H*^IUJi<z>Ba 

[0 0 2 1 ] «rE««fktf»t IT, fe B B H ^cftM 
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1K±"C1. 5 UTT-foZhcob-ftUi. EtBrfc'KDjS 

[0 0 2 3] ffirfBSa*-byV<omEta«fb»»<Z>l» 
IE— »5> * SuEm 1 cotBttffi t mlfem 2 (Offltftfig t 
«£Lfct , HI]^ffi««i:i-5ii:^J:5, ME* 1 0>E« 
ttffi 1 1 Suffix 2 <&E«tt*8 itI45»3 ^f£*»«ffi 
£ LTE«^ffifc1-*Ui, v^toij>5#HIE**3taT# 

So 

[0 0 2 4] 

[0 0 2 5] Bltt, **93^ft*fbffl:*#*ttE«£& 
B (PRAM) 0»««*«r«i55-r5«StB'ea>a. f 
ft:fc>*>, K^Hl 2 £XT K^iBl 8 <b 

ibmm^hv * xvuzmmsti. ^ftb(o?ft?ft\z^ 

<D*ft?fttt* Mx.MfH*LfcJ:5*c, t@^{kfe«ir./w 
l i-fe/uaw^ 3j— K2 t^n:?ij(c«jgS^^fc«5tt 

[0 0 2 6] ^Lt, Y7 K^»l 2 £XT K^H 
1 8 k\^ft?ftm.m£ftfcY : 7'(s<m&2 3 A, 2 3 

bi:±9, t^v^^cw^irftfrfrmtiiZft, *0>m 

Viyj K2*r»fp£*T* E*t/H t^tf 

3b\ K5>f'<iaK2 3 A, 2 3BI4, E**fi<Z>rtttfc: 

[0027] ^-Jx-eixoy* y -t/uctcfctta 

Ettfe/H K2 fc^««H«tt«-et>J:v^ 

Eit;n (Z)»lRtt, *fJCi"SaR^-<*— K2 
Jill * ft Sr *J ffl L T t> 3** IrJ ^iJffllTt)^ 

3§23A, 2 3 BS:»f^*-frJxtf, 5BKLfcE«-feyH 

[0 0 2 8] lKl2(i N *«^<7>PRAM<75^^-y-fe^C 
^Wrffi«itS:«*-*-5«a;ia-CifeS 0 -ftetD-h, 
W<Z)PRAMIi SfillO±|;Y7K^f 12, 51 
«^t-K2, «»kE«*/H, X7K^»1 

8, <«sii 9mm^mm£fttzMm*m-fz>o tctz 

So 

[0 0 2 9] "fe^atny^*— K2<&fl*iSfcR§f3 

ir, Y7 K^»l 2©±|:ni**#i 1 3 t p 



[0030] &k % *o±jca/isixfctBae^Ett-fe^ 
6, »2««ii 7 tmfcmm £fttzmigt:m-fz> 0 *<d 

JBHtt* *2o|6l»^ir*^-2 i lcioTB«»»c:»«l 

[0 0 3 1 ] ffigfbEttJI 1 6 te, ±Tcomm 15,1 
7 0HJK»*ixfcfflS!{bflH«i 6 l k*:<DmWlzmmL 
fc*iMSAfll«l 6 2^Sr^T-r^ 0 *lXffc« 

«i6i i 1 5 1 m 2 mm 1 7 t tcMgfcfe LT 
EMtto>a*K:J: 5*4««tt, »Att«Xtf 

[0 0 3 2] :tl^Lt, 4cAJ£AmE 1 6 2tt, £ 
*W*ctiE»mSlt<7>««(c J: o T t -t <Dlfcte«:J§Att«l 

icfia*i-«*, ^usi jg2®^i 7 ttemtgft 

So ***E«k«*K4: LTOf^«i:f4, #'Jx.JifB»b 
«*l 6 lf>m&tft<D#&'Slft'mizhz>*£ s ffiaMbffi« 
1 6 1 b&tKf&M&l 6 2 <bO^#tti£cD7*^gAff 

*i 6 2izmmj£mmz£ ^sss^amu ta2Efb*« 

1 6 1 fcjk^«A«*l 6 2 4:<B»#f*iE(Dffi*fb«# 
16 1^ B B a fa^ItRft(C»Lt, w<OjpJRl«lC» 

H B a «£±;£Lfc9, feAfb&teiSS**:^ 
4USA««1 6 2Sr*SA« (v— K) i: LT«^fRj^jg 

[0 0 3 3] 7*4M£AW§£ 1 6 2 (4, m2 fw«*L*:J: 
5 Kl % Illil5^2Iil7^ 

[0034] ft^, r<o»^o_riB«aijRHj « 

■ 15 irtB^fbElSJl 1 6 ^<^S®ffiSr^ 1 (D^m^t 
Bftl 7 irfB^fbEHUI 1 6 irco»ttffiSr^2^S 

±&mi&xi&A,xm&£ftzmi±<Dffimzttj&irz 0 

[0 0 3 5] Sfc, 0 2i:W/7Lfc<t5i:±TO!iai 
5,17 <7}S*»{cit^T*g^fbE«Ji l 6 oWfffi«fd«*: . 
*v*»*fctt, ffiSEfb1H«l 6 l j:4c^MA«ttl 6 2 
1 4rra— <754B*fb*t»-r?K^-egr z<dxMi&&®M t ft 

T««*ilS-S«a±tc*^j|SA««l 6 2Sr*t^ii** 

TsajtTjiv^fit*,^^, mi 5, 1 7<Dmmtte 
mtmmmi 6(DWrmm^Sc$^xi,x<, hz\*^t 

#AWbLic<v^»»i:LTtt, ffias<b 
««i 6 1 j: & &i>Bimm&m< nm 

Aib t^i-v W^^tf 5 ;t*-e#5. 
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[0036] mmttmm i e otmt ttn g e - 

Sb-Te, In-Sb-Te, Ag-I n-Sb-T 
e, G e - S n -T e t£¥<D% fl/itSfy}*^? £ 

[0 0 3 7] -fcA*Wl^-f *— K2 £ LTtt, ii 

ISto^mft* ft«ftK:ttnffl'>y (Si) <!:piy 

^><7}— KoffcbDfc, h7>y^^ WittMOSF 
ET (Metal-Oxide-Serai conductor Field Effect Trans 
istor) hmjE^fp^DlCj: «9 ^ • KU 

^^nBfcnfflt>L<ttpa^+*/u (msssg) 

[0 0 3 8] £«1 1 t Lm ¥«£ B V>y 
T#5„ 

[0 0 3 9] Y7K^j|12aTll n + 3!^L< 
^p + §y<O^M^K-^(7)^#^ N T^-?^ (A 

[oo4o] mmtmm^^ 1 ^tg 15, 1 7 1 , m 
m-eh&mmm-eh&K, ttrnttz^m 1 6 <d± 
T\^mm (o , #«i/y=i^ ta-si) 4 4foa 
ffc^y rjfSrHtt, -t©±Ti-*v^/i/ (Ta) . ^-y 

(Mo), 9 Kris (W) ftir<Z>K»/&&JR 

[0 0 4 1] X7K^jBl8iim T)V^=.^2^ 
(Al).S(Cu) tek*<DMBmikJg>Z:mi<^<Dfr& 

\*\ as 1 (Dmm^^^^2 ojj, k— ^s^fcvsifeiB 
SHt^y (s i o 2 ) , &kuy ^ (Si 

3 N 4 ) <CifSrfflV^T»riit"5Ci:t'C#5o"*2©JI6 
3 V (SiQ 2 ) , mtis}) (Si 



3 N 4 ) % KftT7U5 = ^^ (A 1 2 0 3 ) , mtT* 

(A 1 N) , mt9>9^ (Ta 2 O s ) % R 
it^9> (T i 0 2 ) , mtV^^-VJ* (Z r 
0 2 ) % (BN) . (C-H) JRt 

L<(ij^^^^/^ (C-F) *0^?X^a-&flc, *t° 

[0 0 4 2] 9 0«-3pftt, $2 0ffcift^ 

[0 0 4 3] JL^± S . #38 Wtf) P R AM(D&nmj&\Z1\, * 

[0 0 4 4] r<^PRAMO||]^ffltCOV>T!tt 

[0 0 4 5] if\ 7mi£ B B B ffi*j£ 1 6 2 SrKttfc^tt* 

fclBMAfcoi^TttW-*-*. 

[0 0 4 6] wixtt. C^*TM-M^$ 
*UT^5 P R AMSW(Cjo^T«S#^-r^fc-blB& 

So 

[0 0 4 7] C1T\ ir/^^ B B B KW:S8{c^-S^(7)-t^ 
^&#l£R a, ±*&1&M s ftm\zGZ#<D1zJi'<Dl&&it: 
Rcki-^o IB«ktt^«JE SrBPiPL TIT oT 

stLTtfoTtAv^s, *-r\ ^m/EiEK-rs^^o 

-C031^, ^ B B B JHtmj±V a x JSJUfcliJEV c, -tr/Wc 

[0 0 4 8] 
[*D 





I c 


P c 


a -* a 


Va/R a 


V a 2 /R a 


c — * a 


Va/R c 


V a 2 /R c 


a -* c 


Vc/Ra 


V c 2 /R a 


c — > c 


V c/R c 


V c 2 /R c 



#«iteSr*l«-*-5t P c KJtW-fS, * 1 icio^T, I 

i-ai5icffi*fktf|soT i p cfiffi^iifi^ii^ 



[0 0 4 9] JT::t, l»i«LfcJ:5*c, Ra= (1 
0 0-1 0 0 0) xr c i:V*3BM8rt s *>3. 

Rc^ffi*tO*i:*ioPctBBilLT*5 5, R a £ R 
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^fitfi®ft$H5R a = 1 0 OR cCO^^o^Tlft 

[0050] ffi3Efki5«SJcffli/^na^7^3yv*o 

#U ^liGe 2 Sb 2 Te 5 (7)i^ Tm=6 0 0 
°C. T x = 1 6 0tTfc^ fl 

[0 0 5 1 ] H3RtfB4tt, K*-fctot>SI 
*Dm/££— Lfci^Ot/UoagT (ocp c ) tii 

[0 0 5 2] ftftS&Lfc X 0\Z S PRAMC»t5t-/< 

ASHb$i*\ -S^tc*^$tu^c^cD^ a B H >fl:m^^ 
^^ilLtt;^ie B B 0 ft^i:t^t^T^5 o o£ 
9, Va, Vc^^-»^^tl5i> Va, V 

[0 0 5 3] L*»Ltt*6. «T3*L*:J:3fcRa = l 0 

JSAttftK (c) ^AKttffi (a) <z>m* 

Mt)(D 1 0 OfetKZo SfoT, iitttcis-b^fflS^ 

*s e B B ^fis (c) (Dizommm 
(a) inioof^t^o ±/i'<Di%.mte, *b» 

5ri><b. W— 0>WE«rHUinLfc»'S\ IttA^tt (c) <£> 
tWfiSlt ^AKttffi (a) ^-fe/KOiftftct 5 t 1 

#flB Loo r <D ,6tCo^Tf¥ L < mW-f <5 Q 
[0 0 5 4] *f\ ISb b b (a) -»,^ B B B (a) il^tCOVN 

[0 0 5 5 ] [13 (a) ft. a-*a jI^ldfc^T. 

[0 0 5 6] #AKfb«ffiVaoStfiqfcJ: t)ir/Wciim 

blUC*±*L, A^ttAfldUTTxKlSS. Tart> 

i3CPc=Va 2/ R a -e^-x. «b;h,6 0 
[0 0 5 7] A^bSfelctUC^i^t-StfcJBK-fe 
^^ISA^+S. feA{b^K-T5i^lB]ttffl^kE«*^ 

iofy#"c*>5 0 ttA-fk^+oaHt-ett, -t/w*# 
AKtt«t«A*ffit<o^|«]W**JBic*)5 0 cco^PpI 
W*jRlftK*5V^Ttt, P R AM\cm LXm^ £il 



±T^lB&»iS-r5IB&Stt^ B B 3 ft t. L < ttKRff«^« 
H B B R1§ij^/££n, rttbteAS^fflBSr^AKRW* 

[0 0 5 8] ^i**L<B»*fc, ^ B B 0 fb^#oT*fe/KD}g 

1213 (a) C0A-*B^r<t pJCig^L, B,6lC*5^T 
■fe^r*Kff*^|cJ|*A<bi-*. A^i:B,fi^f^il 
«r*«i-Jxtf, (ttA&#AK&*saSL 

[0 0 5 9] B^*eiaLfc«^i»/STm*Sjoa*# 
icfctt 6figi#f liP c = V a VR c -Cfc »3 % CO 
ft»O«#AttSKOA<Dffi#A<0 1 0 OfflFTfcS. C 
,&fcl^6<h:, ^ B B B |bL^ir/U(i^j|4i-^, 0 «flUgjRk£S« 

*5V^t, */i-ttttA«ll8t*iH«*io4»WW>i«tt 
B B B K#^<D*P*Wc£^ (fflflELfcttlB) SrJBdt-e 
[0 0 6 0] D^»C*5V^T-fc/H4l5lS^tc:*»U, S 

o a t m^f^ -cffls±# l e v '*a>* 

^t7SJi5. g»D E ^fflf4A^S»0 A t «fe-S 
i-S^tt, ^S4^c^i:tS^^ B B B K^^W:Sfet{c^ 

[0 0 6 1 ] /^t7f, ■fe/uttA^JcftasixrF 
^tftMfiTald^ a->a (# B B B W^ B B B «) <D 

[0 0 6 2] C~-C\ SBSEF^aaa^fet^Tfc, 
■fe/WiTm^6>Tx<OB](OfflA#Sraiifli-S*, ffi^fb 
lattttt-JH-OteA-fk^FlHI^Jt^TTm £ T x <E>M£:ffliai- 

<£>^£tt. EI 3 (a) fctel^T, A^ibB{3l/N^^^ra 
It ^ E fa h F { c ^ fc £ B# HI O 4> T* T m k T x (O C 

[0 0 6 3] ifclc, gj3 (b) Sr#iLoo, ^mi£^ 
-KC**«c-^a (^ B B B -^^ B B B K) il^i-ov^TlftP^ 

[0 0 6 4] 0£kKit(OmmT*foZ>frb, ^r-^y-i V 

[0 0 6 5] *-f> (IlE]tcio^TO^co^ B H B ^coir;U 
(CVa ^r^liPi-^i:, P c = V a 2 /R c ^I^tft 
tt^ffl«3&«±#-f *, ■fe/U*«SA«ttt*SO'C, Tx 

LTGjS^SS. tit, »»»«l««fc*r«i-5SBS 
GHarlt, Hfi«|i«|3Pc=Va 2 /Ra^I^ 
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[0066] Kos^it H&frb i jts&-e<z>*$mm<o 
sum**-*-*. 

[0 0 6 7] ^tlb<D&h, %*<7)PRAMOPpmfit* 

**M«*JimLfcllKattmWi4:tt, i^a-cl 
[0 0 6 8] *-*cm»k c-*c»»^>P5atHJBtt«rK 

#l£rtft^1-£ 0 a — aS^, c-ai»liB3l:HLT 
[0 0 6 9] i3 (b) fc*51^T\ c — a31 

^t>, Ijft**6ft»Ufc»*i:RIJ:5K:c — a»»4rll 

star <t^T-t5 0 

[0 0 7 0] Sfc, tu^L^cJ: ^^SSgGH^^r^T^N 0 
a^allil B3 (a) ICfcl^T. A^CSSTOl;^ 

[0 0 7 1 ] ^*(^>P RAM^®^6^Pp1M^ t 

t, **Wf Jftsiffl Lfc a c I»i c c a»©SS 

[0 0 7 2] H4tt, StE^-K-Ca^.cI^itf- 

[0 0 7 3] *?\ 04 (a) (C^LJt a-»cl»i^ 
[0 0 7 4] r<0#£\ »tfs»#«ST a CfcSOA* 
3 (a) L fc a a i»©I*00,fi^ 6 A^Stf 

A^feB^w^fcwa-efcs. fat, oaoaaa 

(iPc=Vc 2 /Ratfe^ Va#Vci:ftot^5 
[0 0 7 5] ^(C, El 4 (b) c-*c»»fc:o 



[0 0 7 6] te**ffl<OJt«»t*S/h*V^fc» 

X.HfB'4 (a) fc*Lfc*JUtttH©Oj***b JjftCS 
6«*IB»»1 0»©1S«T*5. tSoT, a-^cl$ 
(04 (a) ) «r*T**«fcftKj6t»i:S*t6B»IB*; 
»t«E«rRpaoLTc^ca» (0 4 (b) ) SrtT*5 5i: 
*^ttM,«lcS0»ifc«:BI*M-6 o «tBOd^fe 
ttttMKi£SttmfiMi<«B<« ^Jia-»cl^ 

C J: o t F A t^fif «1C W L t U 5 o oiO, 
[0 0 7 7]-^ c — c»»*r3S»-*-5fcftfc, 

^SrEpaPLfcii-gN 0 4 (a) l;ilta-*cl^ 
19, a^c3l^£3mT^#l\, 

[0 0 7 8] oj^ i4 (a) &tf (b) fc*LfcJ: 

[0 0 7 9] ^^<t 5ftft*©PRAMWt 

[0 0 8 0] «T> *«^<^PRAM^*5CtS-feyKO}H 
[0 0 8 1 ] @5H E2[:«iJ*lfc*38^PRAM 
0 (a) tad 2 <h [^GOPSffSaik HH <b) ttTBHt 

[0 0 8 2] HSfcfcl^Ttt* RK^lB*Wfcftl:, fS 

MftizjEXftrnkL, mmi 5, 1 7<omm^nmtm 

i&mmkm—kLtCo 15, 17k&tKm 

ir-T5o fit, ftuifctfcJ: r4xe>o^tt*aSW 

[0 0 8 3] ffi3Efc«4*l 6 1 <£>-5Z2£>:ft££ 

M, 3c4*J&AWKl 6 2 0>^»gB<6— ffl(Dfi££L.. ft 
SEfkElMi^ff**: d , ftSEftlSttJl 1 6 A^ARKffi 

CDj?<^£ A z £1^ 0 
[0 0 8 4] t5t, mtl 15, 1 7 £ *4MiSAtB« 1 
S 2 k<DmWf£&i (Rcont. ) fi, «9^-Td t 
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[0 0 8 5] 

Rcont. = 1 in (4i-0, 4z-»0) [ 
Z\Z\X\' A x t A z<75lR^ft^JS(?)i:/icDT\ ±5t(3& 

[0 0 8 6] Rcont. = p c/ (4M) 
Sfc- 11115, 17 i7m*Sf B ffilSl 6 2 troSEteSB 

*£J£aiffii$l 6 2^^I-(cS»S^^-5i:i£M-rs 
*^altil6E<75Sfet (Rperra. ) li, J; 9 ^ 

[0 0 8 7] Rperm. =pcx [d/ (L 2 -M 2 ) ] 

[0 0 8 8] fcfc'U jE5ft^(i±it^iS^/j:^k (k 
>1) &mcxmz_ii&< , *IB^Mlik^„a/ 
p cWl/2WTfiaT-^T4x«#5Ct^-c-#, 1/1 
0WTgS-C^rtl(i+^^a^r5r^-5r i 

c-c, k > 1 t-t-^ro«, tmnm-Tk^^mm^m 

7 i*^f B ^l 6 2 fcasEftraftKKttL-ci^fc 

[0 0 8 9] <*T, m 5 t fzMmZ&m lool^ 

6 2 <7}|13aj&£i (Rpeff) tt, fcSC*cJ: ir^s 
[0 0 9 0] R p ef f = Rcont. + Rperm. 

— nmtmt&i 6 lcni&m*, temitwm 6 ia* 

[0091] R a = p a X d/M 2 

[0092] R c = p c x d/M 2 
-hfSLitRa, Rett, HuiELfc«£3tEOPRAM<7)^rH 

fit (Ra' ) tt, JfcStt: ±0***15. 
[0 0 9 3] 

Ra' =1/ [ (1 /Rpeff) + (1/Ra) ] 
ffi* 1 6 1 ^^ a e B ^i-W^Pt0^aSSt (Re') 



c X [iz/ (4 (M-ix) X A x ) J ] 
[0 0 9 4] 

Rc' = 1/ [ (1 /Rpeff) + (1/Rc) ] 

Rpeff kcommtfiX^ TLh tt-5^^4#taSr^ 

^C±oT, Ra' i:Rc' (Offi* S * (C*J»-C# 

[0 0 9 5] B6I1 &£L&£ZfMk±;i'<Ol&lTii:<0 

*i-fe.;KOfiStRcellSr*L. «»^ 6 7^^ ( L 2 — 
M 2 ) /M 2 

[0 0 9 6] H6ld«*Lfc*j»tt, M=0. 2^m, 
d = 0. 1 Mm, p a = l 00Q • cm, p c = 1 Q • 
cmat, (L 2 -M 2 ) /M2(:SlTRa' <b R 

ftfrfe^aSS^Mfcl 6 2 M$^V«^)PRAM(D 
Ra', Rc' tt#*Ra, Rc4:-&U 0 6^1 

[0 0 9 7] H6a>e>93fca»fc±5»^ sMSKK^EoT 
ti^bElt-fe^^fCjk^tt**!* 1 6 2 «b 
T\ Ra' , Rc' &«j£<Sy»T#5 0 -^co^JH^ L 
*5SWfc:±*ifiRa ' ^Rc' k<DM$:'\^<XZ 
&<DX\ '&M<DPR AM<DJDK3WfclHJII, t4fe*>H4 
K:|»LTi!uiELfc± 5 t-R a t R c Viatic 

So 

[0098] fa«as«coK^aiLi&m-ov>TBi 

[0 0 9 9] ffiXftlBflt-fe/i' 1 <Ott«S:tt*ai'r/t»K 
tt, tiaEffcfWKl 6 1 fcffi£fb& s «£Lft^etfoW£ 
HEE^u* v r Srir/i^ 1 icRWrau #MM***>flr»« 
ffiVr/Ra' irteS4fcJ|gtf>f3 -g-aSS V r /R c ' St/ 
Vr/Ra' i:Vr/Rc' ©IBK*>5*IBtt«<Z>«# 

m«t«:tt*tHi-. ^or, <i-afc 

Jdtt, Ra' tRc' t^^fi^tV^^^ 
[0100] o^^ *^P^lCj:tttf, ft*©PRAM 

SrWPft-TSr. t*s-C#5*s, ^co-^-T^, H^ff-^Sts 

5ttW<Ol*tt±, 5x^C0R a ^R cOimi? 5§ 

[0101] ®6tc:ii, ^«-§-fi*so>aSi:>tSffitft 
^ft^ ((Ra'-Rc'l/Rc') fcW-^T^L 
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tz 0 met*. M = 0. d = 0 . l^m, p a = 

1 0 0 Q • c itu p c = 1 Q • cmi L)U§-c¥<D— «*: 
^ f&^>^fflW^^f^$5ffl^io^T, (L 2 -M 2 ) / 
M 2 tRa' , Re' , (Ra' -Rc'l/Rc' 

[0102] *ffiia»*s «TtB4 (R a ' - R c ' ) /R 

"^cl^i c->cffi£j&Sj35Srt-5R a 1 /Re' tbttfc 
ial 0-C*S**fe, *4MsSfi«MEl 6 2 <£>Wrffi«[ (L 2 
-M 2 ) bttXfcW&l 6 l^ffSl (M 2 ) fcOJttt 
0. 1JW±T\ 1. 5«T"Cfc5^i:*sastV^i:»* 

[0 10 3] fit±, «E*<©PRAM3&s*Ti-SlffaW*Pfl 



[0 104] L**U *3SWtt* *«flE«»lCttRRft* 
[0 10 5] £JlT^*iaE{l:-fe^S:3ett«JB»i-*»& 

[0 10 6] JM«*fcfflV*fclM\ *Ml«Mt««IE*I 

[0 10 7] 
[*2] 





VceU 


P c 


a —» a 


R a I a 


R a I a 2 


c -♦a 


R c I a 


R c I a 2 


a — »c 


Rale 


Rale 2 


c — * c 


R c I c 


R c I c 2 



*2'. *fe>U<Da»t-t^aa«JGEVcelU 
[0 10 8] H7XtfB8tt, £ffi^!E»B*0*5ffi£l;i 

*>MtS"fe:/Koa««aiS:*-*-iaT*>a 0 as (a) 

[0 10 9] Lri*U H17 (a) St/ (b) K^LfcJ; 
ptc, a-»alSic-aI$i{iMiL4^ 0 

[0 110] i-^te*,, 0 7 (a) fc*Lfc±3l^ a 

[0 111] r^^Ufc^/w^fficoajE^^SrflJ 
V^T c — a 5I;f£S:iEw £-fr<fc 9 £ Lfc»^«r0!l*Lfcfc 
WSI7 (b) "CfeSo '&f?BWm<D&fotim\<^tzfr\z.m 



[0 112] c-»aI^g:58S^v^B 

a — ail^ (0 7 (a) ) <^^S±#^ig^£ 4oTt 

[0 113] w^J:5<cB8JBJc*fLTt. feWHiWiWiX 
lftWLfc#^i:ra«^El5^«j«S:fflv\ -feyi/«ttS:R 
a . R c Oftfc 9 ^R a ' , Re' tcp^-f ;ft,f2^— ^ 
9>f h^e— Kt*t)tli:a-al§i: c -> a £ £ ^ 

fc, 1 6 2 cD»f®a (L 2 -M 2 ) ^fB^ 

itm&i 6 Kowfsai (m 2 ) t^itoM* Lv>jgffl«, 

[0 114] £*T\ **W^fflKfkS!^aBBttffi*tt« 
[0115] (^1 <o2SJ60!l) *?\ l (DM 

1 6^>BI*4:-fc/H>-^Xfcov^*lJEIftM«rLri3<. 
[0 116] «*tfS*ftE«'fe/voi*»tt«)tB»k 
«4fil 6 1 <D-m<DM: 2/zm, 7 1<^ H s B ffl^ 
1 6 2CO^S|5<7>— ffl^fic? L^o. 2 2 4/zm ( (L 

2 -M2) / m 2 = o. 25) <Dm&. nmttmm 

1 6<nmm% 1 0 0 nmk-f&b. iBftajE 2. 5V£ 

2 2. 7 M A^«, tt**t«0-fe/HC» 1 2 5/i A<D 
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ri*, U Matf*B«{kE««^RffdttK?>f^lHlBSO 

see t miM(ommmzj& cxm&mmit-tz z t 

So 

[0117] 7£mi£mm(Dm^<D#£kmtnEE& v a , 

Re' tVa, Vc, VrOK«^ibMS^^ B s a K^m 

SlW s #&tL6«fc 3KI % d, Va, Vc, V r ^I^M-rtl 
tffi^o ^/c, ^m«|g©J^)^ic^, Va, Vc, V 
r ©ftto 5 JHfc«8E I a , & Afcttffi IcM 

[0 118] KT, H 1X^12 \zm L/c 0*^F0»j« 

[0 119] miRTfm2{zmLtc*$£W<VPRAM 

[0120] WAtf, pffl<©¥tt*^y (Si) s 
<£> ii ¥>sf* x n ir * teffl v * h ti £ <r> t mm<D x 
5o Y7K^»i2ii m2\z.&\,*rmmzmw.tejj 

[0121] r. 60 n +§^mm«CD-hlc n §y K— * 
^t 0 ^ar^>-y/i.^5$ii:TnS^ft:^ 1 3 £#£ 0 n 

S5#f^**>^LT43<o :Wnit»#11305)| 

^te, «itf5 0 0 nmT$)5 o 
[0 12 2] ^ pMfc K-^Lfc*SM*^6*6KS 
1 <0|ftat^ + ^/U2 0 4rna*»ftl 1 3 Sr®9 Htf £ 
ilzMfSLi-Zo f l^)Eift^2 0(t- ^x-/nI 

^2 0(t pIK-^Ka^^Lttm^l, S 
i 0 2 ft^*6»IR4:-CVD (Chemical Vapor Deposit 
ion) 8feftif^J:5»j*L-Ct>J:u\ 
[0 12 3] fttc, *2<Oi(6»^ir-*^2 1 <£>4>ft< fc 
-SiLTWitfS i 0 2 SrWitf»»itifc^CVDffi 
ftif-C, Sl^Ift^20inS^Sl 3(D 
-bKU&ftU £ *) ni^ftf 1 

3^1012(0^^^2 0?rl^*i-5o :^)J;? 
LT^ttJ £ i^fc n S!^«flc«±lc p SH*** fcifc* £-£T 
pfi**#I14*:»*U nf^I13i:pS* 

[0 12 4] &tCp§!^2*{$/i±tc|gl®ffil 5. feK 



[0 12 5] ^O-oil ^a6S2^«6^-^^2 1 

tt^iy?t>L<liCVDI*a*U *2<B*feit9-* 
*/^±-^J*Bt*iX*:SB4)'ttCMP (Chemical Mechanica 
1 Polishing) tL<tty7h*7ft"«jtSt6, & 
fc, g2(Oiift*/U2 1 "9 Oif:^-$f5^(D 5 
T% ««fkE*a 1 6©*Si-e©8»ti6rtLT^5> 

* 2 Oj^^^-^^JiOffiaftlElBJiWWfi, CMP t 

[0 12 6] I2^|feift^2 1 

ft 9 ©**tt#*:#j* L $ 2 «£» £ at y J* > L 

teis^i 6(DKffffi^<Jrmi^r/^2m^i 5, n« 

15,1 7 ^I8ttf^ffi»l«l 6 l, Xt/««4: 
^«'T575^«4L^VN7lc^ H B B ^l 6 2(^)^^i 

[0127] t 5 £XT(Dm 9 -CfcSo 

^ * *A4t»«: lift* LT^2 (Dmm^ * * £ 

IliiOS$t-a^5 0 fetd, *B«{fc|Ett* 1 6 

CVDSt) L< fiS*-'l4^^^^ffi«T^ 2 

*B*{blB*»±0»2tZ)ieil^^^^»»*:CMP 
j£*-CR4tS, j»v>-c*l«fli(©®fl8;i:raWcjB2« 

s t m o ^ff^^^ 2 oftift^^s^Mt^o 

[0 12 8] - : eoftil^c:t^ffi(7)y^ir^^ > ^v^^r 
[0129] mi S@ 15, ^2 «S 1 7 Ii, 

!)rtLT^(«i (o atteu t^)±Tic±i 

StLt?y^;v (Ta) , ^Ji7rV (Mo) , ^ >- 
tf^T^ (W) ftifOiiSHl^&JRSriai-S^sAv^ K 
^ (C) /<y7l^)?*lt WitflOnm£Jl±5 0n 
mi^T> ±1S1 5, 1 7C!>ffSWt«x.tf 1 0 0W12 

0 0nmKT> ffi^blEfllJl 1 6 C0J? $ tt K9^f ^EIB 

[0 13 0] W:, XT Ki/^*l 8Srti^{kl51it"fe/v 

1 ^2111 7 t^2C0jft^^^/W2 1 <D±{ZBJ& 
i"6 0 (Al) , ffl (Cu) 

[0131] *^SrSft*f3&^«»i-SfcftO 
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«H« 1 9 «:«ric1-5 0 ffiII19ll CVDStK 

[0 13 2] JK±^RMLfcW^iC, *J5«OPRAM 
»»J*k:H:i* i i #^|g-efc 9 , P 

EP (Photo-Engraving Process) HCVD, :7*7 
X-vCVD, MOCVD (Metal-Organic CVD) N xe 

>\ ^i£tfc^<7> K— \f>if*?*±*b, R I E (Reacti 
ve Ion Etching) , CDE (Chemical Dry Etching) „ 

Pir^ir, CMP, -Y^/Ky y ->:^*$>*ffi¥S/ffc 

[0 1 3 3] *tc % H l lc*L'fcJ: 5tc, K^^IHSg 
K<fc 9 PRAM«r»ffS*fctt*Kov^TBlWi-a Q 

[0134] H 9«U P RAMoy ^-y iryw^52 2 tK 
t^/<2 3 0»««Sra-*-flta:H-C*S. K5>f^igB 

IsIK^fefea, ^y -fe/U»2 2 £ K9^T ^@S2 3 t 

S*£ ±l«ttf5/k < y^tf:8ILTt6v\ 
[0 13 5] ^^ey -fe/uSB2 2 t K9^^H1I&2 3 £ CO 

X7K^»18iY7Kl/^j||12t'i)5, X7KU 

^0>pSjWcIK*[^<-<f T * £ PP^n L , tfoco-t/Ute±xm 

[0 13 6] £fc s "fer^iltR^MOS FET (Metal-Ox 
ide-Semiconductor Field Effect Transistor) ^rffiV^ 

StBUD-T S r £ t <fc o TM^irA^iitR pjf£ fc 1"£ 0 

V^5»*t, BlRttf^fcBBLTtt, DRAM, FeRA 
M, MRAM^^^i^i^^^-^5 T ^ 5o 

[0 13 7] *«9!l::J:fttf* aJRLfc-fe/u^Offifik 

[0 13 8] Hi 0(1, 3£«JE«lblC*Jlt5*«W^P 
R AM<75#jl^Oir/KO^Sffl®«r03^-ra^7 7it 
fc^o 1"fcfc>*>, RB (a) tta-a» (***) tc 
-»al| (MM) S:*U mH (b) tea->c»» (* 
*fc) <bc-cil^ (MM) «r**t-pnar o 

[0 13 9] *«WKiJ:ixtf. jg*««i:^A«*«8o 



£<> ^coSm^bT, 010 (a) tCSLfciplc. R 
JMf JE^^Irffl^T a ^ a ®i c-al 
»ov^i"ixt>SI!a-t-5-i:dST#, El 1 0 (b) fc*L 
fcj; 51-, ^-co^*m/E^^°^^^fflv>Ta-c51^i: 

[0 14 0] H4(cB8LTbu3* Lfc± ^SfcOPR 
AMI1 t«Ei»©i^l: a c I»t c c i»t 

[0141] *^c. mi o<ommm (mm) it, 135 

£51-, **M<OPRAM(7>fSe^^^tt, ^&<£>PR 
5o fi«mE»©»*»Ctt, a->a31#£c — a 

[0 14 2] Hi ltt, *«*Kft»w*3»t P 

RIB (a) lia^all (***) 
— a513£ (HUM) *r*U IrIH (b) tea — c!9 (*: 
IM) <tc-c3I^ (») Z^tUftim-To 
[0 14 3] *«Wfc:J;*ui, ^mSfclEibcD^tct, 
Hill (a) KKLfcipKl, B— co#t3i^fllSE^NVu 
*&m\<^X a->am&b c — a 51^C0V t Sll^t"^ 
r^^T*#, Ull (b) ^LAci:5t-> Rl— OM* 

[0 14 4] H8JcMLTffiraLfcJ: 3^, ^3fecDPR 
AMfl ^mgftlEKjcO^^^ a — a51^<!r c-'alSi 

[0 14 5] CCT\ ^mJEiHSitCfctt^ a-ail# 
Sr. ra — c— • ttfft-* a J t ^5 ^Pt^tff 5 
-<#75\ fo^VN(i^«5^ r a — a j (i-/«cto*> % Tx* 

[0 14 6] !*aiE«4:v^5«^3&*6tt, ffc*#Av*i 
#x.<btL5 0 L^>L, ®jf^fg.S^ — isXD&fr h fit? L 

[0 14 7] ^iJ^Ltf, t»#Srffl^tDRAMOi*, 

^<>r^^s*$ix5»f^ai*a« da) 

tt. 1 5 Ot;4:*^0Ku^»**s#u^ HKW 

^^s^^i: , c — a »»»C£«Bft«PlBO« 3 ^^ H a B K« 
^.(7)ir/i-^Ta^^Txtc:M5^^J: , 9^<^oT. a 
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it Ltl$ 3 0 

[0148] ftoT, iMIiiS^T x (Cjfi^ ~ <b £ 
^it-TS^ a^ail^fl r a -c— igiii • a J 

r a — ► c — *S£§fc • — > a J ^V^^c-fc^Srffli^Si 

i 19 fciS^irl/^Cirte, 0ilx.ff, mi 0iH3 irSrJfc 

[0 14 9] ^ft^Jfcfc^-ctt, HARRIS £ 

[oi5o] (m2<Dmmm) mimmmiz^^x^ 

[0151] S12 (a) 11 11 OOABSBifcttH 
Ifif8S:fi£*Lfc^5 7-iaTfc9, Bl 1 2 (b) tt. El 
, 0(^CDW/clj:EF3^L/ k c^77iT'fc5 o 

[0 1 5 2] Hi 2 (a) <0A^fc:^Tttte*fb«« 
1 6 1 f4#»Ktt»Cjb 0 , B^lCiS^Tttffifcffcflt* 
1 6 1 ttHS*tt«^*S 0 -t IT, A^tB^i:^ 
tt\ ^Stigl^ WLfc^rMX 1, X2 • ■ 
• • • 'XnTfcSo B^(£iff<5< Ko;h/ra£A<OJfc* 

I/i^ftt^o -^iSfc^WttttX 1-Xnlt 
tg£>iS 0 

[0 1 5 3] — Eli 2 (b) ©C/Sifc*5VN-CtttB* 
6 lttJBfitt«8lc:*9, D^fcfe^TttffiSEfb 
ffi*£l 6 ltt&AH («») ttttfc**. ^Lt, 

MtlXn, X2, XlT'feSo 

[0 15 4] *Mtt«0|B<»«:, 012 (a) (DA&k 
B^i©B-C*16t5ri:t"C#5L, Hi 2 (b) (7) 
CA*Djftfc^lBTfc3tiSLTfcJ:<, $fcte N P5;fr«: 

[0155] XI ^??X ntD^ftWIglcfc^T, -fe/KD 

V V # xfr%iVWteW:MXhiX* *£Afitf>lJ->f Xfc> 
t < ttSfttfX 1 ^bX nfCfpJttTiSJDLTV^^T* 



[0 15 6] i?^co± 

^X 1 *^Xn«dlP3»tTii*PLTV^«ffiT-*)5. 
[0157] ttMBAtt*&AK-7 h y 

flT**6Hf, *«M*c*3VNTtt. ffl£fb««l 6 1## 
AKttffifcfcSWK «8tttttiaE{k««l 6 1 idc^JSA 

m«i 6 2 k<DRm&m$t&otzmu ^<D£?\zmwt& 

[0 15 8] *fc-#, -to±5**IBtt»'coEWcB 

t^*ff*LV^ 0 ftffcWfcfc^ T>^> (Sb) tT" 
/U/W (Te) (DmtiZttS b/Te^ 1. 5 — 4. 0 
fflf3*>«9, y/W-v^^A (Ge) ^ti^3-2 5I 
-?-%<D$&IS^$>SG e -S b-Te^W^^t^x^ 

So 

[0159] 01311 Ge 5 (Sb 7 Te 3 ) 95 

swmmftm&mm'tzm^mx&Zo -ritt>h. mm 

ld*5V>T, 1 6 ltttB*fb«*/ 1 6 2te3ciUgA1H 
1JL 16 11 ttte£fb««*0>teASl5. 1 6 1 2»4SK 

^b«a**o^AKa-efcSo ta^bflB«i 6 iom^ 

#4R««i:*5»^t)^6r, EMfffibkAJSAfll 
* l 6 2 fc l < tti^AA 16 11 &«3teWfc:SI0x U -t 
o»»©H**I*ttli±#t5o *SAfbtf>E»«rfT 5 

»£\ ffi«fb»»^«SAj**a^fcs t«5fettica«jp 

JRSixfcttAWl 6 l l*>fe#AK»l 6 l 2^(R»tT 
*SA^S^jg - i9 , ^AKSB 16 12 (DS^81< ^ f9 * 
asfc&Afb^/i^^o*^ ^ ^tcj; 19 ^WHftHBoE 

[0160] #£hmtmzm*?T^tzm^. nmmn 

dMSAj*ftS^fc5£#AJt»l 6 1 2 0>JH5a>5>iBA 
651 6 1 l^fRlitT*AK«*<ott*:*sfic5, #AK 

#s 0 

[0161] J^_h, flM^tffiloo, **W(OHlfi 

(Dmm\zo^xmmLtz 0 u^t, ^t^^co 

W**>f XfcavS4*ts|Bfft4flco^^Ttt, S ****** 

6 *l 5 m «9 <o$5ffl \z Q-g- $ ix So 
[0 16 2] *7t, *iKfb»»Kloi^Tt, fuxBLfcA 



(13) 



«NJB 2 0 0 3 - 1 0 0 0 8 4 



[0163] 

£CDT\ *aad{ba^F»«ttE*K«4r, DRAMAS R 
AM, HDD4W#tOE«8f|:l»i % 

[01] **W^*B*ftS!^F#*ttE««« (PR A 
M) ©■»«|J**:«*'*-5«SCBI'C*>6. 

M^a«S;Bi-ca!>a. 

^©t/KofiST (ccpc) taiaB^ftT t t^na«s:« 

[04] JtWffi*— K-i"4to*>H]a«ffi4r— ftiLfc» 
-&tf>i?/KE>ffi£T (ocp c ) til®^ t £0>Hffi&« 

[05] S2(C^L^*3S^<OPRAM^ti^kf5« 
■byHtf!)«»«rttaiLfc**H-e*)5, RIB (a) ttH 

2 kmrnnm^m. mm (b) tt¥ffiH^*to*>ffisEft: 

[0 6] fi£ Lfcit/Mir-t/uoffietir^BBffiSr^f 
RcellSrSU mhte'*?*—? (L2-M2) /M 2 
[0 7] S*aE«8!i«FO#a»*c*5tt51r/KoaftJBH 

[08] femfamW)&<o&mm^&i'tz> j &/i><Di&&mm 



[09] PRAMcD^y -fe/HB2 2 4: K5*f'<2 3<7) 
[010] ^ttJEffit6tCfc*t5**MOPRAMO*il 
[011] ^m«tiElbJC*5Jt5*«M<OPRAM©#B 

[012] ma (a) tt/Bl 0OABS|J*fcttH I $15 
*lfc*Lfc^5:7B-efc9 % 01 2 (b) Ht, 01 0<D 
CD»tfcttEF»tr*l:*Lfc/57BT*5 i 

[013] Ge 5 (Sb 7 Te 3 ) 95 SrffigttfclEtt 

1 *B«fl:IB«irA' 

2 aWUS*^ al— K 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 6 



mm. 

Y7 

ins 

1 tB^iktH* 
1 6 2*A>ttAW* 

16 11 

1 6 1 2# B B B {C£[$ 

17 m2mm 

1 8 XT Kl/^j» 

1 9 &mm 

2 0 SlOiffefi^^^/U 
2 1 I2^|6ift^^ 

2 2 SKftcHtr i^f o * y -t/u) 

2 3 K5>r^< 
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(15) 



2003-100084 



[07] 



[08] 
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(a) a-ajg# 



P*fflt 



Tm 



Tx 
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(a) i-^cl» 




[09] 



(b) c-a»» 



22 




23 









ffl#T 




[011] 



<b> c-cfB# 




(a> a-aS* (*#) fcc-aSft 




(b) «-c«# (*©) fc e-eig# 



(16) 



ifcBfl 2003-100084 



[010] [il2] 




[El 1 3] 
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